INTRODUCTION {#sec1-1}
============

The restoration of the endodontically treated teeth is an indispensable component of restorative dentistry. It is often necessary to use endodontic post to retain the core in a tooth with excessive coronal tooth structure loss.\[[@ref1]\] The fiber post is preferred due to its esthetically favorable color\[[@ref2]\] and reduced incidence of root fracture. Most commonly reported mode of clinical failure in fiber post is debonding from root canal.\[[@ref3]\] The major factors influencing the bonding strength of resin post are the root canal shape, luting cements, radicular dentin pretreatment, negative C-factor,\[[@ref4]\] difficulty in access and moisture control.\[[@ref5]\]

There is a continuous effort to improve the adhesive bond strength between root dentin and fiber post. In the dental literature, the various irrigation, surface pretreatment, and adhesive system protocol are advocated to optimize the bonding strength.\[[@ref6]\] Frequently suggested irrigation protocols are 5.25% sodium hypochlorite (NaOCl), 18% ethylenediaminetetraacetic acid (EDTA), and 2% chlorhexidine irrigant.

Previous studies have shown the improvement of bonding strength through the use of chelating agents like EDTA.\[[@ref7]\] The influence of these irritation agents on the different adhesive protocols are yet to be ascertained. The constituent dentin morphology is varied in the different part of root dentin; consequently, the bonding quality is diverse across coronal, middle, and apical regions. Hence, the comparative bonding strength in the different root section also needs the further investigation. The objective of the study was to evaluate the effect of irrigation protocol on push-out bond strength of resin post at different root segments cemented with various adhesive systems.

MATERIALS AND METHODS {#sec1-2}
=====================

The ethical approval from the Institute Research Committee was obtained for the research proposal. Sixty single-rooted premolars extracted for orthodontic, periodontal, and prosthetic reasons were utilized for the study. The inclusion criterion for the teeth sample was the absence of caries, fractures, previous endodontic treatment and microcrack.

The teeth were decoronated at cementoenamel junction (CEJ) with thin diamond disc under copious water cooling. The root canals were assessed with 10-K file till the working length, subsequently instrumented up to apical master file size 40-K file with intermittent 2.5% of NaOCl irrigation. The root canals were obturated with gutta-percha through cold, lateral condensation, and sealer (Dentsply-Maillefer, Switzerland). The postspace was prepared with the sequential use of Gates-Glidden drills, Peeso reamer, and calibrated drills. Subsequent to postspace preparation, tooth samples were randomly divided into two groups of thirty each (*n* = 30). Irrigation protocol for Group I was with 5 ml of 5.25% NaOCl for 1 min. The Group II samples were irrigated with initial irrigation with 17% EDTA (File-Rite, Pulpdent Corporation, Watertown, USA) followed by 5.25% NaOCl for 1 min each. The last irrigation for both groups was 5 ml of distilled water.

The thirty samples from each group were further subdivided into three subgroups with ten samples each for total-etch wash (Rely X ARC, 3M ESPE, St. Paul, USA), self-etch (Panavia f 2.0, Kuraray Medical Inc. Okayama, Japan), and self-adhesive (Rely X Unicem, 3 M ESPE, St. Paul, USA) luting technique.

The top 1 mm thickness tooth sample slice at CEJ was discarded to avoid the influence of excess cement bonding to the outer dentin surface. Each sample was sectioned into three parts of 2 mm each with the help of thin diamond disc under water coolant. The three sections of root were identified as coronal (a), middle (b), and apical (c) portions \[[Figure 1](#F1){ref-type="fig"}\]. The root slice was fixed to custom-made stainless steel testing platform and plunger size selected was 0.2 mm smaller than the postsize. The push out testing was conducted with universal testing machine (Instron, Norwood, MA, USA) by applying the load at 0.5 mm/min until postdislodged from the radicular dentin \[[Figure 2](#F2){ref-type="fig"}\]. The force was applied from apical to coronal direction.

![The sectioning of root and bonding area calculation](EJD-11-380-g001){#F1}

![Testing of samples for push-out bond strength](EJD-11-380-g002){#F2}

The bonding area was calculated with the formula of ![](EJD-11-380-g003.jpg)

The π is constant 3.14. R1 and R2 are postradius at larger and smaller radius. The "h" is the thickness of the post \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref8]\] The digital caliper fino Pra Ceci caliper (FINO GmbH, Mangelsfeld Germany) was used to measure the dimensions of the samples.

The obtained data were analyzed with three-way analysis of variance (ANOVA) for conditioning versus location and irrigation protocol. The pair-wise multiple comparison test (Tukey) was used to determine the significance between the groups.

RESULTS {#sec1-3}
=======

The highest push-out bond strength was observed \[[Table 1](#T1){ref-type="table"}\] in Group A with self-etch luting cement across all the radicular dentin sections. The coronal portion of this group showed the highest bond strength at 16.282 MPa. The least bonding strength was observed in etch-wash adhesive system in both irrigation systems. The substantial reduction in the bonding strength was recorded of a self-etch system with EDTA irrigation. The three-way ANOVA \[[Table 2](#T2){ref-type="table"}\] indicated no statistically significant three-way interaction between irrigation, cement, and root segment *F* = 0.51, *P* = 0.995.

###### 

Mean and standard deviations (MPa) of push-out bond strength
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###### 

Three-way analysis of variance for mean bond strength at different sections of different bonding techniques
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The pairwise analysis \[[Table 3](#T3){ref-type="table"}\] between etch-rinse bonding system versus irrigation shows the statistically significant difference between Group A1a and Group A1c (*P* = 0.036) and B1c (0.010). The significant difference was also observed between Group B1a and B1c with *P* = 0.017. [Table 4](#T4){ref-type="table"} reveals all the self-etch groups had statistically significant difference except between Group A2a- A2b (*P* = 0.900), A2a-B2c (*P* = 0.083), and B2a-B2b (*P* = 0.662). [Table 5](#T5){ref-type="table"} indicates the self-adhesive groups had statistically significant difference between A3a- A3c (*P* = 0.001), A3b-A3c (*P* = 0.009), A3c-B3a (*P* = 0.000), A3c-B3b (*P* = 0.001), and B3a-B3c (*P* = 0.004).

###### 

A Tukey honest significant difference comparisons between etch-wash adhesive system with irrigation protocol
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###### 

A Tukey honest significant difference comparisons between self-etch adhesive system and irrigation protocol
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###### 

A Tukey honest significant difference comparisons between self-adhesive and irrigation protocol

![](EJD-11-380-g008)

DISCUSSION {#sec1-4}
==========

The debonding of fiber posts is the main mode of failures. Hence, the selection of the posts should be consistent with the bonding systems and resin cements. The bonding systems mainly incorporate two strategies, complete removal of smear layer with etch-wash technique\[[@ref9]\] or incorporative smear layer as substrate.\[[@ref10]\]

The results of the study showed the highest bonding strength with the self-etching luting technique at coronal segment. The corresponding values for Group A and Group B were 16.282 (2.073) and 11.383 (1.782) Mpa.

The results indicate the lesser bond strength in etch-wash technique in both irrigation protocols. The etch-wash adhesive system leads to complete removal of the smear layer along with highly mineralized peritubular dentin. It helps in opening of tubules and exposure of the Type-1 collagen dentin organic matrix.\[[@ref11]\] The primer and bonding components of resin monomers interact with an organic matrix, leading to the formation of a hybrid layer. Since deeper layers of dentin comprised mainly of dentin tubules the hybridization of intertubular dentin is critical to the bonding strength.\[[@ref12]\] The etch-wash system is known to depend on the micromechanical retention with the help of resin tags inside the funneled dentin tubules.\[[@ref13]\] Reduced bond strength could also be due to the difficulty in maintaining the optimum dryness at inaccessible radicular dentin area.

The demineralization of smear layer in self-etch adhesive system depends on pH strength of acidic etchant component. The mild-moderate self-etch system alters the smear layer and demineralizes the dentin matrix. The few hydroxyapatite crystals remain over collagen fibers after the intermediate demineralization. The incorporated acidic component in self-etch technique is buffered by the mineral components released by substrate smear layer.\[[@ref14]\] The residual inorganic minerals on the collagen matrix help in enhanced chemical bond lead to improved bond strength. The substantial reduction of the bond strength in self-etch group with the EDTA irrigation could be attributed to complete demineralization of collagen fibers and reduced chemical bonding process. The intraradicular irrigation of EDTA is also known to reduce the microhardness value of the root dentin. The modified soft dentin surface affects the adhesion and sealing ability of bonding agents.

The bonding procedure is simplified by incorporating phosphoric acid in the form of phosphoric esters in the self-adhesive luting system. The bonding to dentin is combined result of a formation of crosslinked polymer with composite fillers and micromechanical retention. The results from the study indicated the bond strength of the self-adhesive system was less compared to self-etch technique. This result is in agreement with the findings of previous researchers like Lührs *et al*.\[[@ref15][@ref16]\]

The coronal root section showed the highest bond strength in comparison with apical segments. The variation in bond strength is due to the structural difference in radicular dentin sections. The density of dentinal tubules is reduced toward the apical region. It affects the ratio between peritubular and intertubular dentin in comparison to coronal segment.\[[@ref17]\] The reduced intertubular dentin is credited toward the lesser bond strength at an apical region. The previous studies report the progressive reduction in the hybrid layer thickens toward apical region.\[[@ref18]\] The other clinical factors such as negative C-factors and limited access to the apical region also lead to reduced bond strength at apical region.

The limitations of the study are, though the study was performed in sound extracted natural teeth, change in moisture content, presence of invisible microcracks, functional age changes, morphological changes of pulp and dentin are difficult to standardize. The effect of thermal changes, and aging on the bonding strength needs further investigation.

CONCLUSIONS {#sec1-5}
===========

The push-out bond strength values were significantly affected by irrigation protocol in self-etch luting group and not significantly affected by etch-wash, self-adhesive luting groups. The push-out bond strength was significantly higher in coronal segment in comparison to apical segment, and there was no significant difference between coronal and middle segments of all the groups.
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